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Synopsis 
 
The paper analyzes the introduction of passive houses in the Norwegian house market. 
Passive houses are houses with extremely low levels of energy consumption for heating, 
and have not yet been built in Norway, but have started to enter the market in Germany 
and some other countries.  
 
The construction sector is analyzed as a sectoral innovation system. The different 
elements of the innovation system are studied. This includes government agencies, 
producers, consumers, finance and education.  
 
The analysis shows that passive and low-energy houses are on the verge of market 
breakthrough. This can partly be explained by economic calculations, and partly by 
processes of learning and change in the institutional set-up of the sector. The construction 
sector is a sector characterized by low innovative intensity and little interaction between 
different agents. Those working to promote passive houses have to some extent managed 
to cope with these challenges. This has happened by breaking away from the traditional 
focus of Norwegian energy efficiency policies on technology and the economically 
rational agents, by instead focusing on knowledge and institutional change at the level of 
the producers. 
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1. Introduction 
 
There is an ever-emerging international consensus that global warming is caused by 
human activities. The international panel on climate change, IPCC, concludes in their 
2001 report that emissions of climate gases due to human activity are changing the global 
climate. The consequences are increasing temperatures and less stable weather systems. 
 
The major culprit of the human-made climate gas emissions is energy consumption. 
Energy produced by any of the non-renewable resources, be it coal, gas or oil, is followed 
by emission of large amounts of climate gases. This is valid for energy consumed for 
transport, industrial production, heating or for the production of electricity. 
 
Norwegian energy consumption is increasing. The production and consumption of energy 
has been continuously rising for a long period of time. Only at a few specific intervals in 
time can reductions in the consumption of energy be observed. Even though almost 100% 
of the electricity consumed in Norway is produced by hydroelectric plants, and thereby 
without emitting climate gases, consumption of electricity is reaching a level where 
additional growth will have to be covered by traditional non-renewable resources. 
 
Growth in energy consumption is not equally distributed among different sectors. Energy 
consumption in private housing is contributing to an increasing part of the national 
energy consumption, growing by more than 50% during the last 25 years. Increased use 
of energy for heating is the main source of this growth. 
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An average Norwegian household consumes more than 22000 kWh a year. 50-60% of 
this is related to keeping houses at a comfortable temperature. It is obvious that applying 
measures to reduce this need for energy consumption for heating is of great of 
environmental interest, and of potential economic interest to the consumer.  
 
One of the solutions currently being developed is the passive house. A passive house is 
defined as a house without a heating system. It is designed and constructed in a manner 
that makes it possible to maintain satisfactory indoor temperatures even without a heating 
source. Passive houses are currently being built in several different European countries, 
both commercially as well as on a more scientific basis. Germany and Austria are so far 
the two countries where the passive house concept has reached the highest degree of 
penetration, with more than 4000 houses built. In Norway no commercial passive houses 
have been built as of date. 
 
This fact is of great interest. One should think that in a country like Norway, with its high 
level of energy consumption and rising energy prices, there would be great interest in 
building houses with no need of an energy source. This paper tries to analyze why this is 
not the case at the present time. To do this the paper will look at several different issues, 
with special regards to questions of economy, knowledge, public regulation, norms and 
research. This will be done by analyzing the role of the different agents involved in the 
process of constructing a house, be they customers, architects, engineers, government 
authorities or other agents that are of interest. 
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All together these agents and the relations between them can be seen as being part of an 
innovation system, the sectoral system of the building sector. This paper will make use of 
the concept of innovation systems to analyze how a specific innovation originates and is 
diffused in the building sector. 
 
2. The passive house. 
 
2.1 The origins of the passive house.  
 
The idea of developing the passive house concept originally came from the Swedish 
professor Bo Adamson. During a study trip to China in the mid-80’s he came across the 
traditional building techniques in area south of the Yang Tse River. Witnessing these 
techniques inspired a co-effort with Wolfgang Feist to develop the passive house concept. 
The first passive houses were constructed in Germany in the early 90’s. The number of 
passive houses constructed increased throughout the decade, and the Passive House 
Institute was established during the decade (Feist 2005). 
 
The passive house concept seems to enter the Norwegian academic realm around 2000. 
Dokka, Lien and Myhre all agree they first heard about the concept around the turn of the 
millennium. Since then the interest in the passive house concept has been continuously 
increasing, as a part of the increasing interest in low-energy housing. 
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Passive houses and low-energy housing is on the verge of market breakthrough. Currently 
around 3000 low-energy houses are being developed. Out of these 400-500 are passive 
houses (Rødsjø 2005, Dokka 2005). 
 
2.2 Definition of a passive house. 
 
A passive house is a house that manages to keep comfortable temperatures even through 
the heating season without making use of a specific heating system. The term passive is 
used because the main source of heating is the sun and the heat emitted from its 
inhabitants and household appliances, heat that is passively consumed by the house 
without use of any special appliances (Schnieders 2003).  
 
A passive house is defined as a house with a maximum annual space heat requirement of 
15 kWh per square meter (Husbanken 2004). The standard was first developed by 
Wolfgang Feist, and is now set by the German Passivhaus Institut. The standard is solely 
defined by space heat consumption, not by any specific requirements set to materials or 
construction techniques used. Even though the standard is defined by space heat 
consumption, the passive house concept also implies minimizing energy use by other 
potential sources of energy consumption in the building. Normally this would include 
domestic hot water and household appliances. As an example, the target of the 
CEPHEUS1 project was to keep the total energy requirement in the buildings below 120 
kWh per square meter per annum (Schnieders 2003).  
 
                                                
1 Cost Efficient Passive Houses as EUropean Standards (CEPHEUS). 
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Even though the standard itself doesn't set any demands to the construction and materials 
used, it is obvious that the low energy consumption is not achieved without a thorough 
consideration of these issues from the very beginning of the project. Since the scope of 
this paper does not include the technicalities of the construction of passive houses, the 
technical details will not be presented in this paper. However, a basic presentation of how 
a building becomes a passive house is called for. The following presentation is based on 
Schnieders (2003) and the state housing bank (Husbanken 2004). 
 
A passive house approach can generally be seen as consisting of five basic elements. 
Three of them (super insulation, heat recovery and passive solar gain) concern the heating 
properties of the building, while the last two (electrical efficiency and meeting remaining 
energy demands with renewable energy sources) are necessary to fully minimize the 
environmental impacts. 
 
Thermal insulation of the highest quality is a prerequisite to achieve the standards set in 
the passive house concept. This can be achieved with various kinds of materials, but the 
U-values2 of the exterior building elements should not exceed 0.15 W/m²K. In Norway 
the U-value should be even lower, aiming at values below 0.1 W/m²K. This is achieved 
through super insulation, with the thickness of the insulation layer extending up to 50 cm. 
Comparably a normal Norwegian house built according to the current building code will 
in general have 20 cm less insulation, thereby reaching U-values that can be two or three 
times as high as a passive house. Insulation is not the only important issue that has to be 
                                                
2 U-value is a measurement of the heat flow through material. 
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considered. Thermal bridges must be avoided, as must leaking envelopes. Detailed 
planning is necessary to achieve such air tightness. 
 
Efficient heat recovery is a main element in reaching the passive house standards. The 
rate of air exchange is set at a low rate, about ⅛ of the current Norwegian building code. 
The supply air can be heated through a heat recovery and a heating element. The rate of 
heat recovery has to exceed 75%, a percentage that can be achieved by counterblow heat 
exchangers. The ventilation system has to be highly energy-efficient.  
 
Insulation and heat recovery is about making the building as energy efficient as possible. 
Passive solar gain is the next step in the process. Incoming solar energy covers about a 
third of the heat demand of a passive house. To achieve this there should be a net solar 
gain from the windows. This is done through extremely low heat loss through windows, 
efficient framing and southward orientation of the windows. The windows should have a 
U-value of less than 0.8 W/m²K, which is a little more than half the value of an average 
modern window.  
 
Electrical efficiency means aiming at applying only electrical appliances that are highly 
energy effective. All electrical appliances should be graded A according to the electrical 
efficiency standards set by the EU. 
 
Even though the passive house is thoroughly designed to minimize the use of energy, 
there will still be a need for some energy consumption. A passive house should aim at 
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getting this energy from non-polluting renewable resources. A good example could be 
integrating solar collectors in the housing design, thereby allowing an extended 
percentage of the hot water needed to be passively heated. 
 
3. Systems of innovation. 
 
3.1 Defining innovation 
 
Different definitions of what is meant by an innovation preside in the literature, even 
within the specific literature on systems of innovation. According to Edquist (1997) 
innovation can be defined as technical innovations, both of the process and product type, 
as done by Nelson and Rosenberg. Another definition mentioned by Edquist is more in 
line with Schumpeter’s classical definition where innovation is the new combination of 
different factors. Thereby innovations can be technical as well as organizational, 
institutional and social.  
 
Even though the definitions of innovations may vary, the central focus of all theorists of 
the innovation system concept seems to be technological innovation, with an additional 
interest in organizational and institutional change (Edquist 1997). 
 
 
 
 
  8    
3.2 Origins and variants of the systems of innovation concept 
 
The phrase system of innovation is relatively new in economic literature. It first appears 
in the mid-80’s, first in a book by Bengt-Åke Lundvall (Lundvall 2002). Since then the 
concept has gained ever-greater acceptance, with both theoretical and more empirical 
studies conducted. However, the concept of system of innovation as such has not yet 
developed into a firm theoretical concept with a general academic consensus. 
 
The basic premise of the system of innovation concept is that there is a systemic trait to 
the process of innovation (Lundvall 2002). Innovation is seen as an interactive process, as 
opposed to the classical linear understanding of the innovation (Fagerberg 2004). 
Innovation happens in a societal context, and cannot be studied without regard to the 
context it happens in. 
 
The two main types of understanding of the innovation systems concept can be 
characterized as narrow and wide definitions. The narrow perspective was developed 
mainly by Nelson and Rosenberg, and can be regarded as the more American 
understanding of innovation systems. The broader perspective is on the other hand 
considered more European, and traces its roots back to the earlier writings of Lundvall 
and Freeman (Lundvall 2002). 
 
The narrow understanding of systems of innovations is more strictly oriented towards the 
research and development process. The focus is on organizations supporting research and 
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development, with the emphasis on the organizations promoting the creation and 
dissemination of knowledge as the main sources of innovation (Edquist 1997). As such 
the innovation system can be seen as a specific sector of the economy (Johnson 1997). 
 
The broader understanding is on the other hand oriented towards the structure of 
production and the institutional set-up economic production happens in. The result is a 
much broader perspective where the system of innovation can be said to be made up of 
all important economic, social, political, organizational, institutional, and other factors 
that influence the development, diffusion and use of innovations. (Edquist 1997) It is 
thereby a part of the economic process in all parts of the economy (Johnson 1997). 
 
This paper will apply the broader understanding of the systems of innovations approach 
in its approach to the study of passive houses in Norway. 
 
3.3 The broad understanding of systems of innovation 
 
Several authors have helped develop the broad understanding of systems of innovation. 
They have in different ways tried to define what is meant by this understanding of the 
concept.  
 
Lundvall defines it as being “made up of organizations that, through their resources and 
activities, affect the speed and direction of the innovation process; it also includes the 
relationships and interactions between these organizations.” (Lundvall 2002:44). The 
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innovation system is open, but to some extent autonomous, and can be characterized by 
its specialization, its institutional set up and its connection to the surrounding 
environment. Important organizations in the innovation system are the firms and different 
knowledge institutions, while the labor market, investment capital market and education 
system constitute the framework of the innovation system. Of great importance is the 
interplay between these different organization and institutions (Lundvall 2002). 
 
Edquist (2004) states that firms do not innovate in isolation, but in cooperation with other 
organizations. These organizations can be other firms or other organizations like 
educational and research organizations and government ministries. Institutions, such as 
laws, rules, norms and routines, influence the behavior and relations between these 
organizations. Together these institutions and organizations constitute the system of 
innovation. 
 
The innovation system can be studied with different perspectives, defined spatially or 
sectorally. Territorially the system is normally defined as either national, regional (both 
intra- and international) or even as global. A sectoral analysis will set the boundaries of 
an innovation system as the boundaries of an industrial sector. 
 
National innovation system is the most renowned version of the concept. The term was 
originally coined by Lundvall, but first introduced into the literature by Freeman in 1987 
(Edquist 1997). The national innovation system naturally sets national borders as the 
limits of the system. It is based on a belief there are national differences between 
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innovations systems. This belief is based not only on theoretical understandings, but also 
on empirical studies like Nelson’s book National Systems of Innovation: A Comparative 
Study. 
 
Sectoral systems of innovation limit their analysis to specific industry sector. Malerba 
(2002) presents his understanding in the 2002 article “Sectoral systems of innovation and 
production”. 
 
Malerba argues that a sectoral system of innovation consists of a set of products for 
specific use, and the agents, market or non-market, involved in creating, producing and 
selling these products. The agents can be organizations, public, semi-public or private, 
and individuals. The interactions between these agents are of help determine the 
innovation process. 
 
A sectoral system has its specific knowledge base, specific technologies and its specific 
demand and supply base. Its agents can be described and characterized by their specific 
competence, their learning processes, their beliefs, objectives, behaviors and 
organizational structures.  
 
Edquist (1997) is in line with Malerba’s argument, claiming that sectoral systems are 
limited to specific technological fields or product areas. He does point out that the 
boundaries of a sectoral system are theoretical or socials construction, and may thereby 
be reflections of their specific purpose. 
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3.4 The role of institutions in the innovation system 
 
Institutions and organizations are generally considered basic elements in an innovation 
system. Theorists of innovation systems try to differentiate between the two terms. The 
two terms are often used interchangeably as synonyms both in colloquial as well as 
academic language, but an effort to differentiate has been made in innovation theory. 
 
Edquist & Johnson (1997: 46) define institutions as “sets of common habits, routines, 
established practices, rules or laws that regulate the relations and interactions between 
individuals and groups”. Organizations, on the other hand, are defined as “formal 
structures with an explicit purpose and they are consciously created.” (1997:47). This 
means that organizations are players and actors like firms, universities, government 
agencies and research institutes, while institutions are the intangibles that highly 
influence how organizations act. A comparison often made is between the rules of the 
game (institutions) and the actually playing field and the objects used to play the game. 
This is an understanding of institutions also common in sociological analysis. 
 
Understandings of what institutions are not limited to the definition given by Edquist & 
Johnson. They themselves present various other possible definitions by other theorists of 
innovation systems. Even though these definitions differ to some extent in their exact 
formulation, they all tend seem to center on definitions of institutions as something 
similar to the rules of the game. 
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Institutions in the sociological understanding can be classified in various categories. 
Edquist and Johnson operate with different kinds of institutions. They characterize 
institutions as formal or informal, basic or supporting as well as hard or soft. 
 
Laws are typical examples of formal institutions. These are guidelines strictly set by the 
ruling authority, to which all subjects are obliged to adhere. Informal institutions, on the 
other hand, are not regulated by law but still generally followed. Rules of behavior in a 
society are examples of informal institutions. 
 
Basic and supporting institutions are differentiated by their specific applicability. Basic 
institutions are ground rules valid throughout an area, while supporting institutions are 
limited to a specific part of that area. An example could be laws concerning private 
property, which are national or at least municipal, contrasted to the specific rules of 
conduct in an apartment building. 
 
The last difference in taxonomy mentioned by Edquist and Johnson is concerned with 
hard versus soft institutions. Hard institutions are those that are seen as binding, where 
violation is in some way sanctioned. Soft institutions can be understood more as 
guidelines of behavior which interpretation can be highly situation specific. 
 
According to Edquist and Johnson institutions are important because they influence 
innovation. Innovations are products of interactive learning processes, and thereby to a 
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large extent determined by the manner these interactive learning processes happen. This 
again is obviously influenced by the institutional setting when institutions are defined as 
they are in this text. 
 
Institutions have three main functions in the innovation process: to reduce uncertainty, to 
manage conflicts and cooperation, and to provide incentives.  
 
Reduction of uncertainty is important because it reduces the randomness involved in 
human behavior. Firms that are constantly uncertain about the behavior of potential 
partners will find it difficult to engage in any meaningful relationship, and thereby reduce 
the possibility of interactive learning. An institution like security of payment is obviously 
important in any economic relationship, and the various laws, contracts and norms that 
exist to ensure this are examples of institutions reducing uncertainty. 
 
The institutional setting influences both cooperation and conflict management. These 
institutions will also influence innovation processes. How conflicts between different 
parts of a firm, or between firms, are managed may highly influence the end product 
because different aspects may be emphasized. Traditions of cooperation or non-
cooperation between firms in a specific area will affect the innovation outcome, because 
it will influence the way interactive learning happens. 
 
Incentives of the monetary kind can obviously influence innovation. To gain an 
advantage in the market due to a superior product is an ambition of any firm. On the other 
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hand it is reasonable to assume that factory workers willingness to contribute to 
innovation processes will depend on to what extent they reap the benefits of innovations. 
But incentives may also be of more esoteric value. The status inherent with being the first 
to develop a new idea or a new product can be an incentive big enough to generate an 
effort. 
 
3.5 The role of organizations in the innovation system 
 
The separation made between institutions and organizations by Edquist and Johnson 
(1997) defines organizations as specific objects with explicit purposes.  
 
The role of organizations is not given, and will depend on the innovation system. There 
are clearly differences between the roles played by both public and private organizations 
in the US, Europe and Japan. Edquist and Johnson use research as an example, where 
universities play an important role in the US and in Europe, but not in Japan. Here, 
research is mainly conducted in private firms and research institutes. 
 
Innovations are carried through by organizations. However, this is not the only role of 
organizations. For example, organizations are the entities that uphold or create certain 
institutions. They may also be knowledge producers, or involved with knowledge 
distribution or knowledge regulation (ibid).  
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A simple distinction can be made between private and public organizations; private firms 
being market-oriented firms and public organizations regulators of the formal institutions. 
But this is not an exhaustive distinction in a mixed economy. Market-oriented firms may 
be publicly owned, and semi-public research institutions are a common feature. Likewise 
private companies often engage in entities like industry associations. Scientific and 
professional societies are also commonly private. 
 
The institutional set-up heavily influences organizations. The laws and regulations in the 
country may determine their formal structure. The surrounding institutions will influence 
their modes of interaction with other organizations or individuals. On the other hand, 
organizations shape institutions, both by formal regulation as well as with their specific 
market-oriented choices. The differences in the connections between organizations and 
institutions are one of the reasons national systems of innovation differ (Edquist & 
Johnson 1997). 
 
3.6 Knowledge and learning in an innovation system. 
 
Learning is the most important aspect of the contemporary economy. As Lundvall & 
Johnson (1994) put it, the most important change happening with the industrial revolution 
“…was not that it involved the use of knowledge, but rather that it made learning a much 
more fundamental and strategic process than before” (p.24). This means that it is modern 
societies ability to continuously learn new skills, and forget old, that is the driving agent 
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in its economic development. The set of skills needed to cope in a modern economy is 
continuously changing. 
 
A dramatic change of traits in the economy can be attributed to the development of ICT. 
ICT reduces the costs of handling, storing and moving information. This does not mean 
that it has become easier to gather this information, nor to make use of the information 
available. Lundvall & Johnson go as far as arguing that the pure amount of information 
enhances the importance of knowledge and learning, due to the challenges connected to 
making use of the information. 
 
Johnson (1992) argues that almost all learning processes are interactive and influenced by 
the institutional set-up of the economy. Different kinds of learning involve different kinds 
of social interaction. The most basic form of learning is direct learning from immediate 
experiences. This is, however, not an important form of learning. Another type is routine 
learning, where learning is done by observing others and repeating. The third type is 
learning by feedback, where the direct interaction with other people helps us learn. The 
last type is the systematic and organized search for knowledge. This is a characteristic 
trait of the modern economy, and relies heavily on the social interaction between the 
agents involved. 
 
Defining knowledge is a difficult task. An early thinker like Socrates suggested that 
knowledge cannot be defined on its own terms, but must be defined in relation to its 
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practical application (Kreiner & Mouritsen). This paper will focus specifically on 
knowledge as it is defined in the literature on innovation. 
 
Economic knowledge can be divided into four different categories (Lundvall 2003, 
Lundvall & Johnson 1994). These are know-what, know-why, know-how and know-who. 
The categories represent different kinds of knowledge that all are important when trying 
to understand to understand how knowledge influences innovation processes.  
 
The category know-what is constituted of the knowledge of facts, i.e. information like the 
number of inhabitants in a country, historical data or the ingredients in a recipe.  
 
«Know-why refers to knowledge about principles and laws of motion in nature, in the 
human mind and in society» (p. 4).  
 
Know-how is the ability to do something, to be skilled. According to Lundvall skills can 
be thought of as what is normally gained through vocational training, but the concept of 
know-how reaches further. Skills are of importance in all kinds of economic activity. It is 
the ability an agent has to act that goes beyond what can be achieved by reading a 
manual. Thus, skills are developed both through practical work as well as theoretical 
studies. 
 
Know-who is the knowledge of who knows what you need to know or do. Lundvall also 
includes the ability to interact with different experts and people. In a complex society this 
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knowledge is of extreme importance. As people get more and more specialized into 
different subdivisions, knowing who to get information or knowledge from maybe 
paramount to achieving a set goal.  
 
The separation of knowledge into these four categories is not the only distinction made. 
An important distinction is often made between tacit and codified knowledge. Lundvall 
(2003) defines tacit knowledge as “…knowledge which has not been documented and 
made explicit by the one who uses it and controls it.” (p. 6). This means that the 
knowledge is embodied in a person, in the manner a specific skill may be. Tacit 
knowledge may certainly be learned, but not simply be reading a book or a manual.  
 
Codified knowledge is, on the other hand, independent of the individual and can be 
conveyed in written form. This does not mean that explicit knowledge is understandable 
to all. Understanding of advanced mathematics, for example, requires huge amounts of 
tacit understanding of mathematics to even be able to read and interpret complicated 
formulas. 
 
4.  Methodology 
 
4.1 The construction sector as a sectoral system of innovation. 
 
According to Malerba’s understanding of a sectoral system of innovation the system 
consists of several elements. Its basic elements are: 
  20    
- The products. 
- The agents. 
- The knowledge and learning processes. 
- The basic technologies, inputs, demand, and the related links and 
complementarities. 
- The mechanisms of interaction both within firms and outside firms. 
- The processes of competition and selection. 
- The institutions. 
 
The aim of this paper is to use this understanding of a sectoral system of innovation to 
analyze how the passive house concept is introduced into the Norwegian construction 
sector. This does not mean that the construction sector will be analyzed as an innovation 
system in its full depth. Rather, the analysis will draw on the sectoral system of 
innovation approach to identify the elements that influence how an innovation like the 
passive house enters the Norwegian market, as far as it is practically feasible. 
 
In this case identifying the product is simple: the passive house. Even so, studying the 
passive house on its own is not as simple as it may seem. The passive house is one 
example of housing projects aiming at reducing energy consumption. Political choices, 
technological development, economic aspects and issues of knowledge and interest that 
are relevant for low-energy houses will also be relevant for passive houses. Therefore the 
study of the passive house is inseparably linked to the study of low-energy houses. 
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Identifying the agents in the innovation system is a cumbersome task. Many 
organizations and individuals are involved in the construction sector. This paper focuses 
on the main agents.  
 
The consumers are important agents. They are potential driving agents, demanding 
houses guaranteeing low energy bills. On the other hand they can be uninterested in 
energy saving measures or ignorant about potential savings. Identifying how they behave 
in the housing market can help explain how and why passive houses are/are not 
introduced to the market. 
 
Producers are the second group identified among the agents. Producers are the necessary 
risk-takers, the decision-makers who have to decide whether to build a passive house or 
not. The relevant agents in this paper are the construction companies, pre-fabricated 
home companies, architects and engineers. They are studied mainly through their 
organizations: business organizations or unions. The educational programs of both 
architects and engineers are also analyzed.  
 
Government and public agencies is the third group of agents. The policies of the 
government are described and analyzed, in regards of laws and regulation as well as 
pecuniary and non-pecuniary support. The public agencies mandated with the 
responsibility of carrying out government policies are also studied.  
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The role played by research institutes is studied. The two important institutes in the 
construction sector are SINTEF and the National Building Research Institute. 
 
Financial organizations make up the last group of agents. Their role in financing the 
house construction and the impact it has on passive house construction is studied. The ten 
largest loan suppliers in the housing market are studied. 
 
When studying these agents a main focus will be on their knowledge, both what the 
different agents actually know and what they do to learn or spread knowledge. A second 
focus is on the institutional perspective. An attempt is made at describing the perception 
of, and the interest in, the passive house concept in the sector is. Agents in the sector 
constantly interact, both intentionally and unintentionally. These are the most interesting 
mechanisms of interaction. How do the different agents interact, and what are the 
consequences for the spread of knowledge and norm? 
 
The basic technologies necessary to construct a passive house are already identified in the 
paper. Understanding how the demand and supply chain works is the next step. Home-
buyers, the consumers, represent the demand and are already mentioned. It is also 
necessary to study supply. Passive houses demand high quality products, and the 
Norwegian supply chains ability to supply these products is studied.  
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4.2 Selecting the informants. 
 
In a qualitative study deciding whom to interview is the first obstacle. Finding the right 
informants defines the quality of the study.  The key informants were chosen on basis of a 
set of criteria. First of all they represent different elements of the innovation system. 
Secondly they are all actively involved in the promotion of low-energy housing. This 
means they work directly with low-energy house-development, are responsible for the 
field in their respective public or private organizations or are often used as lecturers at 
conferences on low-energy housing. For some of them all of these criteria are valid. 
In addition to these key informants, a number of other informants are interviewed 
because they represent one of the elements in the innovation system.  
 
4.2.1 The key informants. 
 
Are Rødsjø is vice-president of the state housing bank’s Trondheim office. Architect by 
education, he is in now charge of the state housing bank’s work in the field of low-energy 
housing. 
 
Michael Klinski works at the state housing bank’s regional office in Oslo. An architect, 
he has written articles on passive housing and is used as lecturer in conferences on 
passive housing. 
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Tor Helge Dokka. Engineer with a PhD from SINTEF, he currently works at SINTEF. He 
is commonly used as a lecturer and advisor on low-energy and passive house projects. He 
has constructed his own house, a house that is currently used as an illustration of the 
possibilities in low-energy housing. He is also the co-author of the Norwegian Building 
Research Institute’s pamphlet on energy efficiency in small houses. 
 
Lars Myhre. Engineer, PhD. Has worked as a researcher at the Norwegian Building 
Research Institute, before recently starting at Mesterhus. As written several articles and is 
commonly used as a lecturer. He is the second co-author of the pamphlet on energy 
efficiency in small houses. 
 
Anne Gunnarshaug Lien. Architect working at Enova with energy efficiency in buildings 
as her field of responsibility. 
 
Svein Gloslie. Engineer by education, he currently works for the Norwegian 
Homebuilders Association where he is responsible for their work in the field of low-
energy housing. He has earlier been involved in the EcoBuild program.  
 
Margrethe Maisey is an architect, working for the organization Norwegian Architects for 
Sustainable Development (NABU), a subdivision of the Association of Norwegian 
Architects.  
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4.3 Methods of study 
 
4.3.1 Gathering information. 
 
The empirical evidence has been gathered through interviews, websites, text analysis and 
a by attending a few lectures. 
 
The producers are studied through their organizations, through the views of the educators, 
and through the perceptions of the key informants. This approach was chosen for several 
reasons.  
 
Firstly, it would be a too demanding and time-consuming task to study them in any other 
manner. A possible approach could have been to design a questionnaire aimed at 
architects and engineers, with questions regarding their competence of, and interest in, 
energy issues and passive housing. With more than 3000 architects working in Norway, 
and several thousand engineers in the field, this would have to be a large survey to be 
representative. Another problem lies in designing a study that would be useful in the 
analysis. A multiple-choice questionnaire would produce quantitative data, but measuring 
knowledge and interest through multiple-choice is difficult.    
 
Interviewing those most involved in passive and low-energy houses nationally has a 
number of benefits. Information on the historical and current status can be gathered. 
Discrepancies in the understandings of technical feasibility and economic viability are 
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revealed. Their perceptions of obstacles can be analyzed and compared. The knowledge 
levels in the industry can be analyzed in a fair manner.  
 
Especially this last perspective is important. Considering the difficulties in measuring 
knowledge by studying the architects and engineers directly, it has been extremely 
important to find a qualitatively satisfactory manner of studying knowledge in the 
industry. It seems reasonable to assume that those most involved in the work on low-
energy housing have a relatively good understanding of what the different agents know, 
and of the level of interest. The key informants have been not only involved in this field 
several years, which should give the knowledge of what is and has been going on in the 
field, they are also involved in the promotional work on low-energy housing, and are 
thereby regularly in contact with the producers.  
  
The government is studied through document analysis, documents coming from the 
administration as well as from the relevant agencies, and through interviews. Document 
analysis and interviews are also applied when studying the research organizations. The 
consumers are studied on basis of different studies of consumer behavior. 
 
4.3.2 On interviews 
 
The interviews were performed in what Hellevik (2002) would label an informal manner, 
with an interview guide as the basis for interview. Hellevik describes the formal 
interview as an interview where all respondents are asked the same questions in the same 
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manner and order. The great advantage is that respondents are presented with the same 
kind of stimuli, a fact that makes the answers easily comparable. An informal interview is 
characterized by its openness, where questions may vary in different settings. The 
informal interview was chosen to enable the collection of various data and new 
information. At the same time the basic interview guide allows the comparison of the 
responses from the different agents. 
 
When interviewing for scientific studies the challenge is to ask the relevant questions and 
avoid attitude-forcing. The questions and the manner they are asked may influence the 
responses given (Flowerdew & Martin 1997). The basic interview guide was constructed 
with the aim of ensuring impartiality. 
 
5.  The elements of the sectoral system of innovation. 
 
5.1 The producer 
 
5.1.1 Industry Organizations. 
 
5.1.1.1 The Federation of Norwegian Construction Industries. 
 
The Federation of Norwegian Construction Industries (BNL3) was founded in 1997. The 
business organizations of the different parts of the construction sector joined forces in a 
common organization. Today the Federation encompasses all of the major companies in 
                                                
3  Byggenæringens Landsforening. 
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the industry, as well as a large amount of the smaller businesses.  The BNL is one of the 
sector-wide organizations in the Confederation of Norwegian Enterprise4 (BNL 2005). 
 
The BNL organized its own environmental forum in 2002. Energy issues was one of the 
reasons the forum was established (BNL 2002). Since its foundation the forum has 
developed annual actions plan for environmental issues. A summary of these action plans 
shows that energy issues haven't been very prominent during these years. 2004 is the only 
year the forum has concerned itself with energy issues, by organizing a seminar on the 
coming EU-directive. The work of the forum has mainly been concentrated on 
sustainable waste treatment. The BNL has not organized specific programs concerning 
energy issues in this field (BNL 2003, 2004, 2005).  
 
5.1.1.3 The Norwegian Homebuilders Association5. 
 
The Norwegian Homebuilders Association is one of the organizations that constitute the 
BNL. The association organizes the major homebuilders in Norway. 
 
The homebuilders association has been involved in the promotion of low-energy housing 
a couple of years. The association participated in the EcoBuild program (presented 
below), and has also worked actively on its own. Svein Gloslie, one of the association’s 
employees, has the job of being the urging enthusiast among the member companies. His 
job has been to convince the companies of the technical feasibility and economic viability 
                                                
4  Næringslivets Hovedorganisasjon (NHO). 
5  Boligprodusentenes Forening. 
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of low-energy housing. This has meant cooperating heavily with companies that have 
developed successful projects, especially Jadarhus, on conveying the results achieved. In 
cooperation with the National Building Research Institute, the State Housing Bank and 
the SINTEF6 research institute representatives of the association have held courses and 
seminars for member companies (Gloslie 2005). 
 
July 2005 the association entered into an agreement with Enova. The agreement has a 
three year perspective. In the agreement the association commits itself to actively 
contributing to that the members market, sell and build houses with a significantly lower 
level of energy consumption than the minimum standards set in the building code. On 
average, the goal is a reduction of energy consumption by 20% in the houses built by the 
association’s members (Boligprodusentenes Forening 2005). 
 
To honor their side of the agreement the homebuilders association plan to apply a number 
of measures. The association plans to establish an energy forum, a network where 
companies interested in energy efficiency can discuss experiences and distribute 
knowledge. The association wants to develop tools for calculating the energy and 
economic effects of energy saving measures. Seminars will be held across Norway, and 
the association aims at developing instructional material for low-energy construction 
(ibid). 
 
 
 
                                                
6  The Foundation for Scientific and Industrial Research at the Norwegian Institute of Technology (NTH). 
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5.1.2 The architects. 
 
Norwegian architects are organized in the National Association of Norwegian Architects 
(NAL7). The association organizes almost 4000 architects, thereby organizing virtually 
all architects working in Norway.  
  
In 2003 the association presented a “strategy for sustainable development”. The strategy 
was developed as a consequence of a democratic decision outlining sustainable 
architecture as one of the key issues of the organization.  
 
In the strategy NAL states that the organization will take the responsibility for developing 
and implementing sustainable praxis among the architects. In their view architects have a 
special responsibility for contributing to sustainable development. The organization 
concludes that most Norwegian architects currently do not address energy- and resource 
issues sufficiently.  They state that other countries and disciplines have progressed much 
farther, and that issues of ecology and environment are not integrated in the education 
given at architectural universities. 
 
NAL presents five main strategies for promoting sustainable development: 
 
- Information campaigns aimed at its own members. 
- A focus on education, especially in basic training. 
                                                
7  Norske Arkitekters Landsforbund 
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- Increased cooperation with government and other agents in the construction 
industry. 
- Increased research and development efforts. 
- Distribution of tools and aids for environmentally sound project development. 
 
These strategies have resulted in a number of different projects. In 2004 NAL cooperated 
with Enova on an architectural competition focusing on energy and environmental issues. 
The aim of the competition is to construct a “reference building”, a building that can 
function as an illustration of the possibilities for other architects. Competence building 
was included in the competition by obligatory seminars for contestants. 
 
In 2003 the state housing bank, Enova and the ministry of the environment financed a 
database on the NAL home page presenting sustainable buildings and projects. In 
addition Enova backed a Nordic exhibition on sustainable housing. 
 
Enova also supported the NAL academy and the University of Science and Technology in 
developing a supplementary training program in environmentally sound project 
development. Energy issues were key elements in this program running the 2004-2005 
school year. Other competence projects developed by NAL have included courses, study 
trips and workshops. The NAL library has established a special department on sustainable 
architecture. As a last project NAL is working on developing an environmental certificate 
for architects, a certificate similar to those already developed for other industries. 
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NABU (Norwegian architects for sustainable development) was established in 1994 as a 
subdivision of the NAL. Its ambition is to integrate environmental awareness in the 
everyday practice of Norwegian architects (NABU). 
 
Low-energy and passive housing are not mentioned as specific issues in NABU’s 
programs. This does not mean that the organization has ignored the area. NABU’s work 
in the field has been concentrated on organizing study trips to Germany and Austria, as 
well as staging architectural competitions. The thinking behind this is that architects need 
to see combinations of good energy design and good architecture. Competitions are seen 
as a good way of developing competence. The NABU has chosen not to organize specific 
seminars our courses on low-energy housing, but decided rather to encourage member 
attendance at the seminars held by the state housing bank (Maisey 2005).  
 
NABU has developed the Ecoark database, which is a database of different 
environmental building projects that also live up to architectural standards. Not all of 
these projects are necessarily energy focused; they may also be oriented at other 
environmental issues. Still, there are examples of how good energy design and quality 
architecture can be combined. To increase architect awareness of what is possible NABU 
is currently working with Enova on developing what they call a “start package”. This 
package contains information and guidance on how to proceed with energy saving 
constructions, and is meant for architectural offices (ibid). 
 
5.1.3 Competence and interest among architects and engineers. 
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Steinar Eriksrud of the Oslo School of Architecture and Design describes competence 
and interest among architects as very variable, depending very much on the individual 
architect. According to him some disciplinary traditions view energy issues as limitations 
on their designing possibilities, and thereby something they as architects have to 
disregard. On the other hand there are traditions within the discipline that are very 
focused on energy and sustainability issues. Several architectural offices have tried to 
develop a sustainable profile. Still, Eriksrud states that most architects would not 
immediately know what to do if asked to design a low-energy or passive house (Eriksrud 
2005). 
 
The NAL’s action plan 2004-2006 describes the last years as a situation where a lot of 
work has been done by NABU and the NAL Akademi on increasing architects 
consciousness on issues concerning sustainable development. Still, the level of 
consciousness is far too low. The situation is similar among the other agents in the 
business. The present challenge is to involve the schools of architecture and the common 
architect (NAL 2004) 
 
Margrethe Maisey at NABU describes the situation as giant gap between architects’ 
knowledge and demand. Architects have very little knowledge of sustainability issues, 
and are currently not capable of designing sustainable houses. In her view the architects 
lag well behind the engineers in this field.  
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Tor Helge Dokka of NTNU describes Norwegian architects as being mainly focused on 
aesthetics and landowning. His impression is that Norwegian architects are more design-
oriented than for example their German and Austrian counterparts, who are more focused 
on the engineering perspective of the field. A consequence is there are very few architects 
with more than superficial knowledge of low-energy solutions (Dokka 2005).  
 
According to Dokka relatively few engineers have been interested in the subject. 
Construction constitutes a small part of the engineering community, and those that are 
involved mainly concentrate on larger apartment projects. Even then their focus is on 
issues like calculating static, they are not involved in integrated planning in the manner 
that is necessary for passive house development.  
 
Lars Myhre of NBI (currently Mesterhus) agrees with Dokka in his view. Myhre thinks 
those that are interested show great interest, but that there are not many engineers 
involved. Engineers generally have a positive attitude, but encouraging change is difficult 
(Myhre 2005). 
 
Enova’s representative, Anne Gunnarshaug Lien, has a fairly similar perception of 
competence and interest among architects. Her claim is that those who are interested are 
also competent, but among others it is a different issue. She describes architects as 
generally passive, with little interest in energy saving measures. Architects tend to 
exaggerate design issues, according to Lien, claiming, “A creative architect should be 
able to solve any problem” (Lien 2005). 
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The state housing bank’s representatives in Oslo describe the business as generally 
demonstrating low competence and interest. Their perception of Norwegian architects 
compared to German and Austrian architects is similar to that of Tor Helge Dokka 
(Klinski 2005). 
 
Architects view of energy efficiency was the subject of Marianne Ryghaug in her PhD-
thesis. Her findings support the view that architects are generally uninterested in, and 
ignorant of, energy efficiency. According to Ryghaug the prevailing view seems to be 
that there is a collision between architectural aesthetics and designing energy efficiently. 
Energy efficiency is regarded as trivial, something architects need to liberate themselves 
from.  
 
5.1.4 The suppliers 
 
As of date no Norwegian window suppliers deliver windows of the quality needed for 
passive house construction. The best windows have a u-value of ca. 1, while the passive 
house requires u-values below 0.8. At the same time a quick Google-search shows that 
this kind of window quality is easy to come by in Germany. One Norwegian supplier 
(NorDan) has recently developed a window with a u-value of 0.7, but this window will 
not be available to consumers until spring 2006.  
5.2 Public policy 
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Public policies influence housing construction in a number of ways. Both national 
governments and local municipal authorities are important factors in determining the 
outcome of construction processes through various ways and means. 
 
5.2.1 National policies 
 
National policies are set by parliament, and effectuated by the administration. The main 
administrative body responsible for public policies is the ministry of local government 
and regional development (KRD)8. White papers and parliamentary bills presented by the 
ministry set the main directives in the policies followed by the KRD. The ministry of 
environment (MD)9 and the ministry of petroleum and energy (OED)10 also influence 
policies concerning environment and energy issues.  
 
During the last ten years Norwegians have seen four different governments. Jagland was 
prime minister in a Labor administration (1996-97); Bondevik presided in the reign of the 
center-coalition (1997-2000), Stoltenberg in a new Labor government (2000-2001), 
before Bondevik again took the helm with Bondevik II, a center-right coalition (2001- 
present).  
 
Throughout this period several different white papers influencing the housing market 
have been presented. The different administrations have presented white papers 
                                                
8  Kommunal- og Regionaldepartementet. 
9  Miljøverndepartementet. 
10  Olje- og Energidepartementet. 
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concerning national housing policies, energy policies and environmental policies, all 
papers with a potential influence on passive house construction.  
 
Policies concerning low-energy housing are fairly consistent throughout the different 
administrations. The standard is set early on in white paper no. 28 (1997-1998), called 
“Oppfølging av Habitat II”. The white paper states, “there is a significant potential for 
energy savings, both in new structures as well as in existing buildings” (p. 36). The white 
paper continues with a presentation of different measures necessary to reduce energy 
consumption, measures which are compliant with the basic measures presented in the 
chapter on the passive house concept.  
 
In the environmental sector the main emphasis of the white paper is on the importance of 
knowledge diffusion. The state housing bank (the state housing bank) is promoted as the 
main public agent in knowledge distribution. The state housing bank is identified as the 
agency responsible for promoting potentially rewarding experimental projects, both by 
financial and technical support.  
 
The other agency important in promoting energy efficient housing construction is the 
Norwegian water resources and energy directorate (NVE11). The agency is made 
responsible energy efficiency measures aimed at the housing industry, which incorporates 
construction firms as well as larger house owners like municipalities and cooperatives. 
Emphasis is placed on competence building, with NVE being responsible for different 
projects aiming at knowledge diffusion. 
                                                
11  Norges vassdrags- og energidirektorat. 
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When it comes to energy efficiency measures in a lesser scale, local energy utilities are 
made responsible for promoting energy savings. This includes advising on energy 
efficient housing as well as some smaller grants. 
 
Policies similar to these are presented in several white papers through the next years. 
Examples can be found in white paper no. 29 (1998-99), no. 8 (1999-2000), and no. 15 
(2001-02). Even though administrations change during this period, policies remain 
consistent in the area of low-energy housing. Some new elements are introduced. No. 29 
(1998-99) discusses the need for revising the national building code by setting stricter 
standards for energy consumption; the same is discussed in no. 15 (2001-02), both times 
without reaching a clear conclusion. In no. 15 (2001-02) promotes the need for enabling 
local municipalities to influence the choice of energy solutions in larger building areas. 
 
A major change in the organization and funding of the energy policy is launched with the 
establishment of Enova, proposed in white paper no. 29 (1998-1999). Enova is a new 
public entity, given the responsibility of promoting energy efficiency and new renewable 
energy sources. This is done through grants as well as knowledge promoting measures. 
Enova’s finances are mainly ensured by a 0.003 NOK surcharge on every kWh 
consumed. 
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Early 2001 the ministry of local government and regional development presented its first 
environmental action plan. This plan came as a consequence of a parliamentary decision 
instructing all ministries to develop an environmental action plan for their field. 
 
The plan is a comprehensive presentation of the ministry’s environmental ambitions the 
following 4 years. It evaluates the situation, and sets goals for each of the fields within 
the ministry’s responsibility. The construction sector is one of these fields. 
 
Chapter 8.8 in the plan states the goals set by the ministry when it comes to energy 
consumption in housing. Three targets are set: 
 
- Contribute to reduced growth in electricity consumption while hindering 
increased use of fossil fuels. 
- Contribute to the liberation of 4 TWh of electric power in the construction sector. 
- Contribute to a reduction of the total energy needs in new buildings compared to 
present standards.  
 
Increasing energy efficiency and introducing alternative energy sources are promoted as 
the most important strategies for reaching these targets. Hydronic heating is regarded 
important for reducing our dependency on electric heating. Low-energy houses or passive 
houses are not mentioned specifically. 
 
  40    
The plan emphasizes the importance of information and knowledge. Knowledge 
distribution is seen as a key factor in promoting change in the industry. The state housing 
bank, the EcoBuild program and the national office of building technology and 
administration are seen as the main agents responsible for knowledge distribution. 
 
Summarizing the evaluation the KRD sets three measures as their top priority, out of 
which two are relevant for energy savings in new buildings: 
 
- Develop the regulations in the building code to promote a change in energy use in 
new buildings. 
- Stimulate training and spread of information in the business and among 
consumers. 
 
White paper no. 23 (2003-2004) “Om boligpolitikken” is a complete review of the 
current administrations housing policies. Housing policies are presented on a general 
level, as well as policies concerning more specific issues, including environmental issues.  
 
According to the white paper different agents play different roles in the housing sector. 
The role of the state is to set targets and write and implement legal framework, as well as 
offer economic assistance. Municipalities are responsible for planning and preparations, 
while the actual houses are owned, constructed and managed by the private sector.  
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The aim of the administration is to lay the foundations for a well functioning market in 
the housing sector. The most important assets of the state in this respect are laws and 
regulation, organization, knowledge and communication. Economic measures should aim 
at correcting malfunctions in the market.  
 
Early on the white paper states there are three main targets for the administrations 
housing policy. One of these targets is to “increase the number of environmentally 
friendly and houses and living areas designed for all12.” (p. 9). The environmental aspect 
of this has been, among other things, been concretized to “a reduction of the energy use 
in the building mass” (p. 9).   
 
5.2.2 Public agencies 
 
To effectuate the policies set by parliament the KRD relies heavily on two governmental 
bodies, the Norwegian State Housing Bank (Husbanken) and the National Office of 
Building Technology and Administration (Statens bygningstekniske etat = BE). The state 
housing bank is basically a bank with some extended tasks, while BE is responsible for 
technological quality of building construction. 
 
5.2.2.1 The Norwegian State Housing Bank (Husbanken)  
 
                                                
12  Universell utforming is the Norwegian term. Different terms preside in English, but  
“design for all” seems to be a generally understood term. 
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The Norwegian State Housing Bank is the main instrument of the Norwegian Parliament, 
the Norwegian government and the Ministry of Local Government and Regional 
Development for the implementation of national housing policy. 
 
The state housing bank is one of the key financers of housing construction in Norway. It 
is a publicly owned bank, founded in 1946 to facilitate the construction of quality low-
cost housing on a grand scale in Norway (Bachke 2003). The role of the bank is to give 
financial opportunities to private construction of housing, be it individuals building their 
own homes or larger cooperatives or companies developing larger housing projects. The 
state housing bank is also a national “competence bank”, an organization responsible for 
promoting good building tradition. 
 
Historically the state housing bank has played a major role as a financer in the housing 
sector, financing about 2/3 of the houses constructed in the period from its inauguration 
up to 1995. As a result of the changes in policy made in the mid 90’s its importance as a 
financier has gradually diminished (Bachke 2003). Even so, the state housing bank still 
finances between 30 and 50 per cent of the houses constructed in Norway every year. 
 
Since the state housing bank is such an important financer it obviously plays a potentially 
great role in defining the standards in the Norwegian housing sector. From the beginning 
the state housing bank set quality standards for the houses they financed. Financing has 
depended on meeting given criteria for the quality of housing. These criteria have 
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concerned both quality standards as well as size. The criteria have varied over time, but 
the focus of this paper will be on the criteria set in the period from 1997 up to now.  
 
By January 1st 1997 the restructuring of the state housing bank policies that started in 
1995 was complete (Bachke 2003). From that date the bank issued the following kinds of 
loans and subsidies that potentially influence the qualities of new houses (Husbanken 
1997):  
 
Oppføringslån  - Loans for the construction of new houses. 
Kvalitetstilskudd  - Grants for the construction of new houses to realize socially 
profitable measures that would otherwise not have been realized. 
 
Strict conditions were set for granting both of these loans. The construction loan set 
maximum requirements to the quality of housing, in line with the state housing bank’s 
traditional ambition of enabling the construction of modest housing for ordinary people. 
Strict adherence to these conditions would clearly limit the state housing bank’s ability to 
grant loans to houses demanding higher quality standards, like passive houses. The state 
housing bank could, however, ignore its strict guidelines if a specific project was 
considered socially profitable. According to representatives of the state housing bank this 
meant that the conditions set for granting loans would not be a problem for a passive 
house project (Klinski 2005, Rødsjø 2005). 
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As part of the policies presented in white paper no. 23 (2003-2004) the state housing 
bank’s criteria were changed as of July 1st 2005. A consequence is that loans are no 
longer granted on a general basis, based on maximum criteria, but on a project’s ability to 
reach the specific targets set by the state housing bank. The most prominent of these 
criteria are universal design and reduced energy use. 
 
The state housing bank – environment and energy 
 
The state housing bank is divided into 5 separate regional offices. The office in 
Trondheim is responsible for the state housing bank’s work in the area of environment 
and energy (Husbanken 2003).  
 
In 2002 the Trondheim office initiated the project “Environmentally friendly building”, 
aimed at developing new strategies for the state housing bank’s work in the field. An end 
result of this work was the development of a “Strategic plan for the state housing bank in 
the areas of environment and energy”, presented in November 2003.  
 
The strategic plan states the objective of the state housing bank’s services within these 
areas is to stimulate to a more environmentally sound planning, construction and use of 
homes. This is defined as being a “driving force and innovative guide for realizing 
national environmental goals in the construction sector” (p. 10). Specifically this means 
that in 2010 50% of all houses should be constructed with halved energy needs. The state 
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housing bank is to achieve this by “cooperation, knowledge diffusion and economic 
incentives aimed at municipalities, the industry and end users” (p. 10).  
 
The strategic plan presents seven different strategies that are to be implemented. The first 
strategy is to develop and carry out good pilot projects. In cooperation with innovative 
actors in municipalities and the industry the state housing bank aims at visualizing the 
potential in environmentally sound solutions, supporting the projects with knowledge and 
economic means. 
 
The second strategy: introduce environmental goals in the housing sector. By creating 
operational targets and supporting them with economic and other means the state housing 
bank wants to increase the prevalence of environmentally sound solutions. 
 
The third strategy is to build alliances. The state housing bank aims at being a driving 
force in the field, cooperating on a long-term basis with actors that can contribute to 
reaching the environmental goals. 
 
Creating meeting grounds. With the fourth strategy the state housing bank enables 
knowledge distribution by creating meeting grounds for actors in the market, supporting 
the knowledge distribution with a well-targeted use of economic means. 
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The fifth strategy is to set the agenda. By being proactive both in the general media as 
well as in industry magazines the state housing bank aims at increasing the general 
public’s awareness of environment and energy issues. 
 
The sixth strategy is to develop competence internally, both specific competence in the 
fields of environment and energy as well as knowledge of the market. The seventh 
strategy is organizational; to lay the responsibility of the environment and energy field 
directly with the regional directors. The Trondheim office was given the national 
responsibility, and thereby responsible for supporting and coordinating the other regional 
offices.  
  
These strategies have manifested themselves in different projects. In 2004 the state 
housing bank organized a seminar series called “low-energy housing across Norway13”. 
In cooperation with the homebuilders association, SINTEF, Enova and the National 
Building Research Institute these seminars were organized Norway’s six largest cities. 
The range of issues at the seminars included project development, construction, 
marketing and finance of low-energy houses. 
 
The regional office in Trondheim runs a website on low-energy housing 
(www.lavenergiboliger.no). The website contains general information on what low-
energy housing is, specific examples of existing low-energy houses, and information on 
different educational programs offered. The website also includes links to other websites 
                                                
13  Lavenergiboliger Norge Rundt. 
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on low-energy housing, and a number of different presentations and lectures are 
downloadable. 
 
5.2.2.2 The National Office of Building Technology and Administration  
 
The role of the national office of building technology and administration is to develop the 
technological regulations the construction industry has to follow. This means 
implementation of EU-directives, developing national and international standards and the 
set of rules. These are minimum standards. The national office does not play any role in 
knowledge creation or diffusion, nor is it involved in project development. Its role is 
strictly limited to developing and upholding the regulations (Hoelsbrekken 2005). 
 
5.2.2.3 Enova 
 
The public entity Enova started working as of January 1st 2002. Its main tasks were set by 
parliament in 2000: to promote energy efficiency, new renewable energy sources and 
national use of natural gas (OED14 2001).  
 
In the energy efficiency sector Enova took over the responsibilities that had previously 
been held by NVE and the regional energy efficiency centers (ENØK-sentrene). Along 
with the acquisition of responsibilities came a change in policies towards the construction 
sector. While focus had earlier on been concentrated existing buildings, Enova introduced 
new buildings as an area of support and interest (Lien 2005). 
                                                
14  Olje- og Energidepartementet (Ministry of Petroleum and Energy). 
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Enova’s role in the construction sector is threefold. The organization can give grants, it 
has a promotional role, and it can play an advisory role in project development (ibid). 
 
When it comes to grants the same rules apply to the building sector as to other areas 
Enova potentially supports. Grants are given relative to the amount of energy saved. This 
can vary between 0.2 and 0.5 NOK per kWh saved. There is, however, a minimum limit 
on how much energy that must be saved. This limit is currently 0.5 GWh, or 
approximately the yearly energy consumption of 25 Norwegian households. So-called 
“role model projects” may be applicable for support even if energy savings are below 0.5 
GWh if they can document energy consumption at less than 50% of the current standard.  
 
Enova emphasizes its role as a promotional agent. They run their own website with 
information both for the individual consumer and for the industry, as well as running a 
free call-service for those in want of information on energy saving measures. They also 
try to contribute to newspaper articles, as well as producing their own promotional 
material. Enova is also present at different industry exhibitions. 
 
The advisory role of Enova is limited to giving sound advice on project development. 
Enova itself does not participate in the actual development of specific projects (Lien).  
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5.2.3 Laws and regulation 
 
5.2.3.1 The building code 
 
The Norwegian building code is based on minimum standards. The building code sets 
minimum requirements for several elements concerning the quality of the construction. 
Among these requirements are energy standards.  
 
The building code is revised regularly. The current code was introduced in 1997, and is 
therefore known as TEK-9715. TEK-97 stipulates the maximum u-values that isolation 
must reach. If this requirement is met the building code does not set any further demands. 
Constructing to reach the regulations will lead to an energy consumption of ca. 160 KWh 
per annum. 
 
5.3 Passive houses at research institutions and in higher education. 
 
5.3.1 The National Building Research Institute16 and SINTEF. 
 
These two institutes constitute the main research institutes on house construction issues in 
Norway. SINTEF is situated in Trondheim and is closely linked to the University of 
Science and Technology there, while the National Building Research Institute (NBI) is 
situated in Oslo. The two research institutes will merge into one as of January 2006.  
                                                
15  Teknisk Byggeforskrift = The Building Code 
16  Byggforsk. 
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The National Building Research Institute plays a special role in the Norwegian housing 
market. Even though it is a private organization, it has managed to gain a status where it 
to a large degree defines what can be considered good and proper building traditions. 
This means that a contractor, who can prove she followed the instructions in one of NBI’s 
instructional booklets, will have a strong case in a contractual dispute. This obviously 
makes the technical advice the NBI develops important to the industry (Myhre 2005). 
 
The NBI publishes its recommendations in two important ways. The NBI-series 
(Byggforskserien) is a continuously updated series of short notes on all kinds of different 
construction issues. The series now contains more than 800 notes. The instructional 
booklets contain more thorough analysis of different subjects.  
 
The NBI-series current notes on energy issues mainly date back to 2000, but are currently 
being revised to catch up with the present low-energy and passive standards. On the 
booklet side, the NBI released its instructional booklet on low-energy housing in 2004. 
The instructional booklet was written by Myhre of the NBI in cooperation with Dokka of 
SINTEF, and sponsored by Enova and the Norwegian Homebuilders Association. 
 
This is not the only time the two institutes have cooperated when it comes to low-energy 
housing. NBI and SINTEF were also heavily involved in the development of the 
demonstration projects constructed by Jadarhus and Mesterhus. Together the two 
organizations provided technical advice, and were also responsible for the post-
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construction testing programs. It was especially these two projects that were used as 
examples at the above-mentioned seminar series “low-energy houses across Norway”. 
The two institutes are also involved in the development of other passive and low-energy 
house projects in Norway like Rosenborg Park, Husby Amfi, and Smestadmoen 
(SINTEF). 
 
When the International Energy Agency (IEA) introduced its Task 28 – Solar Cooling and 
Heating program, the Norwegian representatives came from the two institutes. This 
program has been instrumental in the diffusion of knowledge in Norway (Rødsjø 2005).  
 
5.3.2 Schools of architecture 
 
Architecture is taught at two different public schools in Norway. At the faculty of 
architecture in Trondheim 60-80 students are accepted every year, while the Oslo School 
of Architecture is a bit smaller, with 50 students inaugurated every autumn. Architecture 
is a five-year program at both schools.  
 
The Oslo School of Architecture and Design offers a course in ecology as a part of their 
education. Issues concerning energy consumption are taught in this course. The course is, 
however, not mandatory. On average about 25% of the students graduate with this course 
as a part of their training. The remaining students graduate without any specific training 
in energy issues (Eriksrud 2005). 
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When asked what students know about low-energy housing, passive houses and energy 
issues in general, a representative of the school replies “not much”.  The educational 
profile of the school is focused on design, not on effect. This means that energy issues are 
never considered when evaluating the diploma. As a consequence, focus on energy issues 
is generally small among the students (ibid).  
 
Energy issues are more prominent at the faculty of architecture in Trondheim. Every 
spring a course in sustainable building are offered. According to Per Monsen, Professor II 
at the faculty, this course is an interdisciplinary cooperation with the department of 
engineering, where students learn to design and construct low-energy structures. The 
course is however not obligatory. On average one third of the students take this course. 
Energy issues are to some extent included in the general education, but Monsen still 
states that those that do not take this course have little knowledge of low-energy 
structures (Monsen 2005). 
 
When asked what she thinks of the education given at schools of architecture, Maisey of 
NABU states that it is “very unsystematic”. She claims there are some enthusiasts and 
some attempts at integrating energy issues in the education, but generally it is treated as a 
subdivision of subject. This means that the average level of competence among graduates 
is not high.  
 
5.3.3 Schools of engineering 
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Programs in engineering that are potentially relevant for passive housing are offered at 
the Norwegian University of Science and Technology (NTNU) in Trondheim, the 
University of Stavanger and at the following university colleges: Agder, Bergen, Narvik, 
Oslo, Sør-Trøndelag, Ålesund and Østfold. 
 
The faculty of engineering at Oslo University College offers a bachelor program in 
environmental engineering. It is a relatively new program, with the first students starting 
in 2002. The bachelor was specifically established to teach students methods of coping 
with, and creating solutions to, potential conflicts between environment and engineering. 
It is inspired by the program in environmental engineering offered at the university in 
Trondheim, but while the program in Trondheim has its focus on new renewable energy 
sources, the Oslo version is more focused on energy conservation (Sjøvold 2005). This is 
illustrated in the presentational brochure, stating that the program aims at “enabling the 
engineer to carry out installation work in buildings that will meet the requirements for 
energy use, the outdoor and indoor environment, functionality and cost effectiveness.” 
(Academic program 2004-2005, faculty of engineering, p.42). 
 
The concepts low-energy houses and passive houses are not part of the curriculum. 
Concepts like passive houses and low-energy houses may be mentioned by professors, 
but not as a specific part of the curriculum. However, the students do study different 
aspects of energy use. They are familiar with calculations of u-values and the necessary 
thickness of insulation, choice of doors and windows and aspects of ventilation according 
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to the responsible professor, Oddbjørn Sjøvold. He does state that the education is very 
limited and “somewhat superficial” (Sjøvold 2005). 
 
Still, Sjøvold argues this is the best education one can get in Norway when it comes too 
passive housing. The introduction of the environmental engineering program has clearly 
led to an increased focus on energy conservation, especially heating and ventilation 
issues. None of the programs in civil engineering offer the same depth of understanding 
of these issues (ibid).  
 
Studying the other colleges reveals that Sjøvold’s claim may be correct. When asked 
what their students learn about low-energy and passive housing, the answers given by 
representatives of the colleges vary from “not much” to “very little”. Students do learn 
how to calculate energy use, but none of the colleges offer obligatory classes in energy 
efficiency or low-energy housing. This is also valid for the University of Stavanger. 
 
When it comes to engineering, NTNU is by far the most important educational 
organization in Norway. Every year about 100 students take their basic course building 
physics. This means they acquire the elementary knowledge of heating issues in houses. 
Out of the 100 around 40 choose to continue with specialized courses in energy use in 
buildings. According to Thue at NTNU these students should have knowledge of low-
energy and passive houses. The most competent can be found among the 5-10 students 
that choose to specialize in energy use in their final project (Thue 2005). 
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5.4 Private-public partnerships. 
 
5.4.1 The EcoBuild program 
 
The EcoBuild program (ØkoBygg-programmet) was initiated in 1997 by the construction 
industry. The aim of the program was to increase environmental efficiency in the building 
and real estate sector. It ran from 1998 to 2002 (Hammer 2003). 
 
The administrative responsibility of the program was given to GRIP, the foundation of 
sustainable production and consumption. GRIP is an independent foundation funded by 
the ministry of environment. During its five years in work, the EcoBuild program had 
total funds of ca. 170 million NOK. The funds came both from the industry itself as well 
as the government.  
 
Aiming at bringing the industry and authorities together, the EcoBuild program was 
organized in cooperation and participation with the both the industry and government. 
Representatives coming from several different sectors of the industry and government 
have represented both parts in the board.  
 
The program divided its work into six different fields. Three of these fields are relevant 
for passive house development. These are the areas of energy, method development and 
distribution of knowledge. Targets in the areas of method development and knowledge 
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distribution were not specified, but in the energy area specific three targets were 
formulated.  
 
Two of these targets are directly relevant to energy saving measures. EcoBuild aimed at 
stimulating solutions reducing the total need for energy in the construction sector, and 
aimed at increasing the consciousness of energy issues among owners and administrators. 
In addition to this the program set a long-term objective of reducing the environmental 
impact of energy consumption by a factor of 10. 
 
The last relevant ambition of the program was its underlying target of “enabling the 
knowledge companies, institutes and educational institutions to meet the industry’s 
requirements for expert knowledge” (p. 12).  
 
Ecobuild’s end report summarizes the results of the program. Those relevant for energy 
consumption in homes are presented here. 
 
EcoBuild initiated a program labeled EcoDwelling (ØkoBolig) early 2000, in cooperation 
with the Norwegian Homebuilders Association. The program was a joint effort for 
environmentally efficient housing construction. 
 
EcoBuild built on earlier work by GRIP to develop a tool called the Ecoprofile method. 
In cooperation with the state housing bank and the Norwegian Homebuilders Association 
this tool was developed to give a comprehensive evaluation of the environmental status of 
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a building. This includes energy consumption. So far Ecoprofile has not been able to 
break through in the market.  
 
The Norwegian water resources and energy directorate (NVE) contributed ostensibly to 
the program during its first four years, before Enova was established and took over the 
funding in 2002. One of the purposes of the grants was to increase energy efficiency in 
the building sector. The grants were given as contributions to projects in these three 
areas: 
 
- New knowledge/competence building. 
- Trial- and demonstration projects. 
- Distribution of knowledge/competence gathered in the two above-mentioned 
areas. 
 
NVE also contributed by lending one of its employees to EcoBuild’s team on a part-time 
basis. 
 
5.6 The commercial banking sector. 
 
The commercial financial institutions dominate Norwegian housing loans. The state 
housing bank is a major lender to new house construction, but private banks are by far the 
major actors in the total house loan market. As of December 31st 2003 the commercial 
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institutions held more than 85% of the total loans to private customers, and an even larger 
amount of the loans directly concerning house ownership (FNH 2004). 
 
The lending policies of the commercial banks are obviously important for the housing 
market. Their willingness to give extended credit to costlier low-energy houses may 
influence the potential construction of such houses. To analyze this, a small survey was 
conducted. The ten largest commercial banks, according to the Norwegian Financial 
Services Association (FNH17), were surveyed. The banks were asked the following 
questions: 
 
- How does the bank calculate the size of the loan extended? 
- Is there a possibility of extending larger loans if the customer can prove 
significantly lower levels of consumption? 
- Is there a possibility of extending larger loans if the customer can prove 
significantly reduced energy consumption, as would be the case in a low-energy 
house? 
 
On the first question the answers from the different banks were unison. Loans are granted 
on basis of fixed income and a set formula for calculating living costs. Usually the 
standard budgets set up by the National Institute for Consumer Research (SIFO) are 
applied. All banks do emphasize that each customer is treated individually, but that the 
standard calculations are rarely set aside. 
 
                                                
17  Finansnæringens hovedorganisasjon. 
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On the second question the banks agree that this is not relevant for them when calculating 
the size of loans. 
 
The third question, specifically concerning low-energy houses, is generally answered 
with negative curiosity. Storebrand exemplifies the answers given with their response: 
“It’s doubtful that this would have any impact, but it is not something we have a clear 
policy on. We have never had to deal with the issue, really” (Stein Nalstad, Storebrand 
29.08.2005). None of the other banks responded positively to the question. 
 
7. Analysis 
 
7.1 Economic analysis 
 
Reviewing and analyzing the economic aspects of a passive house is obviously of 
importance when trying to explain the spread of this innovation in the Norwegian 
construction sector. Both costs and benefits influence the plausibility of a technology’s 
entrance in the market. This subchapter tries to describe the potential costs and gains both 
for the consumer and the producer.  
 
The potential costs and gains can be separated into two different categories. The first 
category would include the cost of construction and the cost of living in a passive house. 
The second category is the market value of the property, whether or not a passive house 
generates any greater value in the market.  
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6.1.1 Analyzing costs 
 
Since commercial passive houses have not yet been built in Norway it is difficult to 
analyze the costs of constructing these houses with Norwegian data. The analysis will 
therefore have to be based on foreign experience and estimates made by Norwegian 
expertise.  
 
Costs in Norway are not directly comparable to costs in other European countries. This is 
due to the difference in heating systems chosen. In Norway heating is generally provided 
by electrical ovens, while other European countries usually apply some kind of extensive 
heating system. These systems are expensive, and contribute to a substantial amount of 
the costs associated with construction.  
 
One advantage of a passive house is that eliminates the need for such heating systems. 
This reduces costs when constructing the house. As a consequence the difference in 
construction costs between a house aiming at a heating requirement of 70 kWh/m²annum 
and a house aiming at 15 kWh/m²annum is almost negligent (Klinski 2005, Feist 2005). 
The same is not true in Norway. The savings generated from not installing electrical 
ovens are minimal, so the extra costs induced by constructing according to a passive 
house standard will have to be covered almost entirely by the savings in operating costs.  
 
The extra costs concerning construction seem to vary between different projects. In 
general the additional costs generated fluctuate between 2% and 10% of the price of a 
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normal house. Butters, project manager at Norske Arkitekter for Bærekraftig Utvikling18 
(NABU), claims the costs exceed conventional building styles by 2-5% (Butters 2004). In 
the Cepheus project the extra costs were calculated at 10% of total building costs 
(Schnieders 2003). Skanska, who are currently designing a passive house project in 
Trondheim, calculate their additional costs at just above 2% (Flønes 2005). As a rule of 
thumb the time needed to for the down payment of the additional costs is between 5-9 
years for low-energy houses (Hennisen 2005).  
 
There are two ways of viewing this from an economic perspective. One is calculating the 
amount of time needed before the additional investments are paid for. The other is 
assessing what these investments mean for monthly costs.  
 
The following calculations are based on the average Norwegian household consumption 
of 22.000 KWh. Energy consumption in the Swedish passive houses in Lindås is around 
7.000 KWh. Since the energy consumption is generally higher in Norway, it seems 
reasonable to assume that consumption in Norwegian passive houses will be somewhat 
higher. Therefore these calculations are based on savings at 12.000 KWh. With energy 
costs at ca. 0.75 NOK for the consumer, savings will be ca. 8000 NOK per year.  
 
The calculations are based on 20-year loans. Current interest rate is ca. 3.5%. Tax 
deductions of interest payments are included. The figure shows results the first year. The 
results will improve as loans are paid.  
 
                                                
18  Norwegian Architects for sustainable development 
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Figure 1 1st year result 
with 
3.5% interest 
1st year result 
with 5% interest
1st year result 
with 7% interest 
Investment of 
25.000 
6140 5876 5522 
Investment of 
50.000 
4271 3746 3044 
Investment of 
75.000 
2408 1628 572 
Investment of 
100.000 
543 -508 -1912 
 
The second figure shows the number of years needed before investments start paying of. 
Inflation is set 1.5% for 3.5% interest, 2% for 5% interest, and 2.5% for 7% interest. This 
is due to the monetary policy of the national bank. The calculations are made with 
Enova's energy efficiency program. 
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Figure 2 3.5% interest 5% interest 7% interest  
25.000 3.3 years 3.3 years 3.4 years 
50.000 6.7 years 7.0 years 7.5 years 
75.000 10.5 years 11.1 years 12.4 years 
100.000 14.5 years 15.8 years 18.5 years 
 
The two figures can only be used as illustrations of the economics in passive houses. 
Houses differ in size and qualities, and it is not possible to make one simple calculation 
that is valid for all houses. This is especially true since energy prices vary.  
 
Jadarhus, a Stavanger-based construction company, built and sold a low-energy house 
near Stavanger in 2004. The house came very close to reaching passive house standards 
(16.3 kWh/m² pr. Annum). Additional costs of construction for this house were 75.000 
NOK (Hatlestad 2005). Dokka's self-designed low-energy house generated extra costs of 
ca. 50.000, but then again savings were much higher at almost 18.000 KWh. Energy 
consumption for heating has been calculated to 18 kWh/m² pr. Annum (Dokka 2004). 
 
It is difficult to come to clear conclusions on the economic aspect. This analysis is too 
shallow to provide clear answers. The data point to that passive houses can be 
economically advantageous for the consumer. What the calculations do show is that the 
additional investments cannot be much higher than 75.000 NOK for investments to be 
economically interesting. Like Gloslie of the Homebuilders Association states, pay-back 
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time for investments cannot be much higher than 10 years to maintain consumer interest 
Gloslie 2005). It is not possible to conclude that passive house are obvious choices for the 
economically rational agent, but then again it is not possible to conclude that it is 
economics that keep them out of the market. 
 
6.1.2 Analyzing value 
 
Assessing whether a passive house would generate any additional market value compared 
to a standard house is difficult. As long as low-energy housing constitutes such a small 
part of the market there is no clear evidence what influence energy consumption has on 
the market value.  
A general rule in the housing market is that market value is decided by place and space. 
Place as in location, space as in how many square meters. Different qualities the house 
may possess will influence the market price in a positive or negative manner. These 
qualities may range from the general standard of the building to extramural assets like a 
well-kept yard or parking space. Energy consumption is one of these qualities (Trøen 
2005) 
 
A downside with the passive house concept is the space consumed by the thicker walls. 
Every centimeter added to the walls reduces space by 0.3-0.5 square meters (Myhre 
2004). In bigger city markets, where the price of every square meter often lies between 
25000-40000 NOK, this could potentially generate a huge loss. 
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Jadarhus' project is currently the best example of how consumers would react to passive 
houses. The house was constructed in a larger development area, with several similar 
normal-energy houses in the same project. The additional costs of construction were 
75.000 NOK, but the house gained an extra income of 150.000 NOK compared to the 
normal-energy houses. It is worth noting this house was given unusual amounts of media 
attention (Hatlestad 2005). 
 
No obvious conclusions come out of this analysis either. The Jadarhus example may 
point what can labeled novelty interest, where the innovative customer may be willing to 
pay extra. If this is true, then those companies that start working in this market first have 
a great advantage. But as long as there is so little knowledge of how consumers react, it is 
not difficult to understand companies that are not willing to take the risk. 
 
The loss of square meters is clearly a challenge. If designing passive houses means 
reducing the numbers of square meters sold and thereby income, companies will naturally 
be negative. This is especially a potential problem in cities. Then again, houses are not 
always built to their maximum potential the plot or municipal regulations allow. As an 
example, Skanska stated this was not an issue for them because they would not be able to 
construct up to maximum size and still keep the qualities the wanted in the design (Flønes 
2005). 
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6.2  Analysis of the innovation system 
 
6.2.1 Breaking through? 
 
In many respects low-energy and passive houses seem to be on the verge of market 
break-through. Currently around 3000 low-energy houses are being developed. Out of 
these 400-500 are passive houses (Rødsjø 2005, Dokka 2005). 
 
The different informants seem to agree on the reasons for this partial market break-
through. They point to three explanations.  
  
1) The energy crisis. 
The winter of 2002-2003 Norway experienced what has since commonly been referred to 
as “the energy crisis”19. During this period electricity prices increased dramatically, 
reaching levels almost double of what Norwegian consumers were accustomed to.   
 
2) Diffusion of knowledge. Specifically, the project “low-energy housing across Norway” 
and the general work done by the state housing bank and Enova is considered important. 
 
3) Expectations of stricter building regulations. Producers have become more interested 
because of the pending EU-directive.  
 
                                                
19  Strømkrisa 
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At the low energy houses-website the state housing bank presents its understanding of 
what is needed for a full market breakthrough for low energy housing. Four aspects are 
considered important (Husbanken 2005). 
 
The first aspect concerns the level of ambitions in the industry. The industry needs to 
raise its ambitions, and aim at producing better housing than the building code requires 
instead of continuously fighting revisions of the code. 
 
Second, the industry needs to develop its productive capacity. This means the industry 
has to capable of producing low energy housing all across the country with predictable 
results. Development of new techniques and diffusion of knowledge are necessary 
prerequisites for achieving this. 
 
The third aspect concerns profitability. Low energy housing has to be as least as 
profitable as standard houses for the customers as well as the clients. The initial increase 
in investment needs to be followed by reduced monthly costs. 
 
Finally, the review mentions a fourth aspect. This aspect concerns demand and 
competition. Customers need to be made aware of the profitability and comfort that 
comes with low energy housing. There is an increasing environmental awareness among 
customers, an awareness that will be enhanced with the introduction of the coming 
energy certificates (ibid). 
 
  68    
It is interesting to see how much emphasis is put on changing the institutional set-up and 
diffusing knowledge. Pure economics are obviously considered important, but this is just 
one aspect of the explanation of both current success and what is needed for further 
development. A further analysis of the different elements of the innovation system can 
enhance the understanding of just what is happening. 
 
6.2.1  Interaction between consumers and producer 
 
Analyzing consumer interest in passive houses is a difficult task. Since so few low-
energy houses are built it is difficult to base an analysis on how consumers have reacted 
to these houses. An analysis based on these few houses may be flawed for several 
reasons. The houses built may have hit special niches in the market, interest may be 
disproportional due to the appeal of novelty for some consumers or the houses may have 
“overexposed” due to media interest in low-energy houses. On the other hand consumer 
interest may be underestimated due to lack of knowledge and publicity concerning low-
energy housing.  
 
The general mantra among Norwegian real estate brokers is that what counts in market 
are the three B’s; beliggenhet, beliggenhet, beliggenhet. Beliggenhet means location, and 
the emphasis is meant to demonstrate that place is the one dominant factor that decides 
consumer interest. A quick comparison of the differences in prices between different 
areas in any city will confirm this claim. Still, it does not tell us what emphasis 
consumers play on energy consumption. 
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Jadarhus’ house near Stavanger came close to reaching passive house standards. This 
house sold for 150.000 NOK more than similar houses with normal energy consumption 
nearby. So far this as close as we get to a factual representation of consumer interest in 
passive houses. One house is far from enough to say anything with statistical certainty.   
 
In 2004 a study of successful marketing of sustainable houses built in several European 
countries was conducted by Segel, a consultant firm, on behalf of the state housing bank. 
The study found that quality arguments were central when selling the houses. The 
extraordinary qualities of the houses were promoted, and they were sold as a part of a 
lifestyle concept. Economically the focus was on added value (Haavik 2004).  
 
Prognosesenteret, an Oslo-based institute of market analysis, continuously monitors the 
housing market. It also conducts specific market analysis for clients. In 2004 the institute 
conducted an analysis of the Oslo market for the city government and the state housing 
bank. The analysis had a special focus on the coming development of the Ensjø-area.  
 
One of the questions asked concerned energy issues. Those surveyed were asked if 
advanced ventilation and heating solutions would make it more interesting to move to the 
Ensjø-area. They were told additional costs would be around 100.000 NOK, costs that 
would be paid for in 8-10 years by the energy savings. Of the people surveyed, 53% state 
they are more interested in moving to Ensjø if the area offers advanced ventilation and 
heating solutions. Interestingly enough, the willingness to pay for the extra investment is 
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markedly higher among those below 50 years of age (over 60%), than among those over 
60 (34%). The report concludes that advanced solutions would definitely enhance the 
market situation of the projects (Elnan & Bjørneng 2004).  
 
During the last couple of years Oslo has witnessed a boom in the construction sector. A 
survey of how the larger projects are presented and marketed should give an impression 
of what kind of emphasis companies place on energy issues when promoting building 
projects. 
 
The largest company in Oslo’s building sector is OBOS20. OBOS is by far the largest co-
operative housing association in Norway. During the last five years the company has 
been responsible for producing and/or selling several hundred new homes every year, 
reaching a high of 1280 in the year 2004 (OBOS 2005). OBOS’ major building projects 
the last few years include Pilestredet Park, Sjølyststranda, Øvre Vålerenga, Elvebredden, 
Marienlyst Park, Fredensborg and Sogn Terrasse. All of these consisted of a minimum of 
170 units, the largest consisting of more than 500. 
 
Energy issues do not seem to be of great importance in the promotion of these buildings. 
None are promoted as specific low energy houses, nor is low energy consumption 
mentioned as an advantageous asset of the houses. There is one exception; some of the 
promotional material for buildings in Sjølyststranda mentions the type of heating system 
selected, arguing that this kind of heating system is cost- and energy effective. Besides 
this, no mention of energy consumption is present (OBOS). 
                                                
20  Oslo Bolig- Og Sparelag 
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OBOS is not the only developer with such a perspective. Environmental issues are 
generally not considered important in the marketing of new houses. In 2004 the state 
housing bank and Norsk Form conducted a study of nine housing developers in Oslo. The 
study is an analysis of how the developers view the market situation, and what they see as 
the key arguments when trying to sell their projects.  
 
One of the findings in the study is that none of the developers believe that environmental 
qualities have any value when trying to sell a project. USBL does state the importance of 
the three B’s is a rock-solid myth in the business. Their market analysis based on focus 
groups show there is a willingness to pay for environmental qualities, as long as it pays of 
in lower monthly bills (Isdahl 2005). 
 
USBL’s claim is very much in line with the perceptions of Svein Gloslie at the 
Norwegian Homebuilders Association. He states that the producers underestimate 
consumer willingness to pay. The problem today is that minimum solutions, solutions 
that comply exactly with the building code, become maximum solutions. Houses are 
promoted as high standard houses, but high standards means quality floor boards and 
heating in the bathroom floor, besides that it is all minimum standards (Gloslie 2005).  
 
Gloslie’s perception is based on his years of experience in the industry. The scientific 
validity of this is obviously questionable. But, together with the other findings it points to 
that there is a latent interest in energy efficient housing among the consumers. Haavik 
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points to the potential interest among the innovative consumers. Their willingness to pay 
is probably higher than the average consumer (Haavik 2005). If this is true there is an 
initial market potential for passive houses.  
 
From an innovation system point of view the interesting perspective is how several agents 
claim there is a lack of interaction between consumers and producers. It seems like they 
claim consumers have little chance of influencing producer choices. 
 
In order to be able to demand passive or low-energy houses, consumers need to be aware 
of the existence of these products. Demanding something one does not know exists is 
difficult. As long as such houses are not marketed by producers or by government 
agencies, it is difficult to see how consumers can be knowledgeable.  
 
In this case it seems far to say that consumers lack what Lundvall labels know-what. Few 
consumers have any basic knowledge of what low-energy housing is, far less what a 
passive house is. This claim is based on several observations. Firstly, none of the banks 
surveyed state that they have been involved or even asked about financing low-energy 
houses. When asked whether their former guidelines for granting loans could have been 
problematic for financing passive or low-energy houses, Klinski of the state housing bank 
replied “probably not, but we have never been asked” (Klinski 2005). 
 
None of the producers have marketed these houses until recently, and organizations like 
Enova and the state housing bank have only become involved in the development of such 
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houses in the last few years. And as Rødsjø of the state housing bank states, it has been a 
strategic choice to concentrate on the development of producer knowledge before starting 
marketing of these concepts. 
 
The second perspective is the lack of know-who. Figuring out who you can trust and who 
you can ask to construct a passive or low-energy house is not an easy project. Trust in 
government is generally high in Norway, and a reasonable assumption is that people 
assume that new houses are built to government requirements, requirements that 
guarantee high quality. Currently no certificate or standardization program exists that can 
verify the quality of a house to the individual consumer. This means that if a constructor 
says that a house is low-energy, the average consumer has no way of knowing if this 
really is a fact before actually living in the house. 
 
This is an institutional problem. It is a matter of both hard and soft institutions. A 
certificate or legal regulation could enhance consumer confidence and interest in low-
energy housing. An easily understandable system of conveying information on energy 
consumption in prospectuses or advertisements would probably do a lot to increase 
consumer knowledge, and thereby enhance their chances of being driving agents in the 
value-chain. 
 
A couple of years ago a grade system was introduced for electrical appliances. Neither 
NVE, Enova nor the business organization for electrical appliances have statistical data 
that show what this has meant for the market share of energy efficient products. The only 
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thing that can be said with statistical certainty is that the number of A-graded products on 
the market has increased, and the number of poorer-graded products has decreased 
(Fagerlund 2005). Based on the last observation it seems like a reasonable assumption 
that the market share of energy efficient products has increased. 
 
The German Passivhaus Institutt has developed a passive house certificate, a certificate 
issued to producers in the German speaking countries who meet the demands set by the 
institute. According to the head of the institute, Dr. Wolfgang Feist, one of the 
advantages of having such a certificate is the level of confidence consumers have to it. 
Verified quality enhances trust among the populace (Feist 2005).  
 
On basis of a EU-directive, work is currently being done on introducing a grade system 
similar to the one applied to electrical appliances, but at present it is still not certain when 
this grade system will be introduced. Representatives of several research institutions and 
public agencies, including the NBI, SINTEF, NTNU, NVE and the state housing bank, 
develop criteria for the scale. Project finances come from the state housing bank and 
Enova. 
 
6.2.2 Interested and knowledgeable producers? 
 
The mere fact that 3000 low-energy houses currently are under development proves that 
producer interest is increasing. Something has happened that has changed both 
competence levels and interest in low-energy houses. 
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Knowledge and learning are two prominent issues when explaining this change. Great 
emphasis has been put on increasing knowledge of low-energy and passive house 
possibilities. A basic aspect is the spread of know-what. Producers needed, and many still 
need, to learn what these houses are. The second aspect is of course know-how. The 
producers are the ones responsible for the actual construction of the houses, and they 
have to be knowledgeable to be able to design and construct these houses. 
 
6.2.2.1 The construction companies  
 
Many different elements make up the value-chain in the construction sector, and they 
cannot be analyzed as one. Construction companies play different roles from architects 
and engineers.  
 
The experts from SINTEF and Byggforsk agree that low-energy and passive houses do 
not represent great technological developments. It is not about introducing something 
entirely new to the industry. In fact Dokka came very close to the definition of an 
innovation when he stated that “it is not that difficult, it is all about combining known 
elements in a new way” (Dokka 2005). This does not mean that every company is an able 
constructor of passive houses here and now, but that it is not too difficult to learn.  
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If the problem is not technical, there must be other issues that explain why these houses 
are not dominating the market. The economics have already been studied; the remaining 
explanations are knowledge and institutions. 
 
The key to convincing producers that passive and low-energy houses are worth building 
lies in demonstrating successful projects. In what is characterized as a conservative 
industry, producers need to see well functioning solutions, not dreamy projects (Gloslie 
2005).  
 
The point Gloslie makes is that this is not all about money, nor is it all about technical 
knowledge. Changing the institutions is also important when trying to promote low-
energy and passive houses. Those trying to promote these houses need to convince as 
well as educate. 
 
Interestingly enough education is the main tool used when trying to convince industry 
agents of the possibilities these houses represent. Rødsjø for example states that the 
project “low-energy houses across Norway” has been instrumental in diffusing 
knowledge (Rødsjø 2005).  
 
The project has worked in two different ways. Firstly it has been a way of demonstrating 
examples of what is possible, by giving examples of low-energy houses built in Norway. 
Secondly it has been a way of presenting and diffusing technical knowledge of what is 
possible. The houses built have been presented by the companies that built them. 
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Technical knowledge has been presented by the renowned research institutes SINTEF 
and NBI. By doing this companies are demonstrated examples from other companies that 
function in the same market, and are presented knowledge by organizations they are used 
to trusting. It seems like a good way of convincing companies to break out of their 
institutionalized habits. 
 
This is an example of how organizations influence the institutional set-up of an 
innovation system. Government agencies and research institutes have joined forces in a 
deliberate effort to try to change the modes of thinking in the industry.  
 
It is, of course, not all about institutions. Learning is a decisive factor in the process. 
What we are seeing is that to reach government goals, government agencies try to 
develop new skills in the industry. The learning processes involved are the ones Johnson 
called routine learning and learning by feedback. 
 
Routine learning happens when producers learn from observing others and try to repeat 
their actions. This is the approach used in the “low-energy houses across Norway” series. 
But learning also happens as a result of feedback. The two research institutes are directly 
involved in several house development projects, where companies obviously make use of 
their knowledge not only to construct the specific project, but also to increase their own 
knowledge.  
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The work done by the state housing bank and the other accomplices trying to promote 
low-energy housing has mainly been aimed at the larger construction companies. Rødsjø 
states that it is a problem that there are so many small firms in the construction sector. 
Many of the construction companies consist of less than five people, and the same is true 
for architectural firms. These are companies that have difficulties with sparing the 
manpower to upgrade their knowledge base.  
 
What Rødsjø is pointing to is the general problem of a somewhat dysfunctional 
innovation system in the construction sector. In 2003 the STEP research group published 
a report on innovation in the construction industry. The report was funded by the 
Research Council of Norway, and aimed at analyzing the central challenges and obstacles 
for innovation in the industry. The report was meant as a contribution to the development 
of a comprehensive innovation strategy for the sector (Ørstavik et. al. 2003). 
 
The STEP report reveals a number of barriers to innovation in the construction industry. 
First they point to malfunctioning markets and asymmetric information. They describe 
the industry as an arena where the end-users rarely meet the actual producers. There is a 
complex value-chain involving many agents and a number of different competence bases. 
This leads to a situation where information is not conveyed between the different agents, 
thereby inhibiting the use and development of new products. 
 
The construction industry is marred by its obstacles to the introduction of new knowledge 
and technology. Education levels in the industry are not up to standard, and the different 
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agents seem to be one-sided in their approach to problem-solving. Because of the many 
links in the value-chain knowledge is not diffused, neither within a project nor from 
project to projects. This description is also valid within the large companies (ibid). 
 
A number of government agencies are involved in the construction sector. According to 
the report the government generally does not contribute to innovation in the construction 
sector. Its role has rather been to control industry activities. Since the industry is spread 
over such a number of fields the many government organizations play a number of 
different, obscure and to some extent contradictious roles (ibid). 
 
The STEP report concludes by saying that the innovation system in the sector is not 
working up to standard. The industry is not innovative enough, and too few Norwegian 
firms manage to influence industry development. The report addresses the need for 
systemic change, a change that cannot come about by individual efforts from the different 
agents. There is a need for a common effort from industry agents, government and the 
knowledge infrastructure of the industry. 
 
The Federation of Norwegian Construction Industries published its own paper on 
innovation in the industry early 2005. The paper stresses the national benefits of industry 
innovation, but admits there is a great need and potential for increased innovation in the 
construction industry (BNL 2005). 
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When describing the innovation challenges the industry faces the paper points to several 
issues. One major obstacle is the fragmented status of the industry. The industry 
represents a value-chain with a number of agents and business sectors, where every agent 
has a limited perspective that does not take the full scale into account. 
 
Other industry specific traits also inhibit innovation. The paper points to the lack of 
predictability and financing of innovation efforts. The risks are great when implementing 
innovative solutions, and it is difficult to make profits from innovations.  Another trait is 
the way the industry consists of mainly small and medium-sized enterprises, companies 
with low innovative capacity. A last perspective mentioned is the narrow customer focus 
on price (ibid). 
 
All in all the two reports convey a picture of the construction industry with low 
innovation intensity, lack of interaction between the different elements in the value-chain, 
and lack of concerted government efforts for promoting innovation.  
 
The window supply and the fate of the EcoBuild-program are examples of what the 
problems are. If NorDan’s high quality window had been in production when Jadarhus 
and Dokka constructed their low-energy houses, both of these houses would probably 
have reached the passive house standard. That Norwegian producers still are not able of 
supplying this kind of quality even when several German companies are, shows a lack of 
innovative capacity. As long the interaction between elements of the innovation system is 
so weak, producers do not experience the necessary push or pull to develop new products.  
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The EcoBuild-program was chronically under funded, and was not able to initiate many 
of the projects it had planned. They met good intentions, but not the necessary funding. 
This demonstrates how government efforts have not always been well organized and 
consistent.  
 
6.2.2.2 Architects and engineers 
 
Interest and knowledge may be increasing among the construction companies, but there is 
still a lot of work to be done. When it comes to architects and engineers the situation is 
still rather glum for those promoting low-energy housing.  
 
As the responses from the informants show, both architects and engineers seem to have a 
long way to go before the knowledge and interest levels are up to standard. This can also 
be seen in the education offered. The fact that architectural students can go through five 
years of education without learning about energy issues is obviously not positive for 
passive house construction.  
 
The biggest challenge seems to lay with the architects. Their general perception is 
described as close to negligent of issues that are seen as limitations on their designing 
possibilities. Sustainability does not seem to be important. 
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This way of thinking is clearly an obstacle to the introduction of passive houses in the 
market. As we have seen passive house construction cannot be separated from design. It 
will probably take a massive effort to change this institutional thinking. Especially since 
this way of thinking is continuously being reproduced in education.  
 
6.2.2.3 Financing the passive house 
 
The study of lending policy in the private financial sector shows that the finance 
organizations probably will be unwilling to grant extended loans to individual passive 
house buyers if the customer already is reaching the limits calculated. All banks respond 
negatively when asked whether the savings generated from living in a passive house 
would influence their calculations of how much a customer would be allowed to borrow.  
 
A strict interpretation of the state housing bank’s conditions for granting loans in the 
period 1997 to July 2005 would have meant that loans to passive houses could not have 
been granted. However, as underlined by representatives of the state housing bank from 
both Oslo and Trondheim, the ability to be flexible ensured that this would never have 
been a real issue.  
 
The new rules introduced in July 2005 could in fact act as a promoter of passive house 
construction. Due to the new conditions loans are no longer granted on a general basis, 
but preconditions that the project encompasses one of the extraordinary qualities 
promoted by the state housing bank. A consequence of this could be that house builders 
  83    
who otherwise would not have considered constructing a low energy house or passive 
house reconsider. This is obviously one of the ambitions of the change in guidelines. 
What the actual impact is yet too early to say, the changes have naturally not yet had any 
significant impact on housing construction. 
 
What is clear is that grants from public agencies do not play an influential role in the 
development of low-energy housing. The possible grants from Enova necessitate such 
large savings (0.5 GWh) that only large projects can make use of them. For the ordinary 
homebuilder it is not interesting. The grants are probably not so much about the money as 
about the chance of cooperating with Enova and learning from them. 
 
6.3 Summarizing the efforts. 
 
Technological innovation depends on the infrastructure on the meso-level. If the 
necessary skills and competence is not present at that level, the technological innovation 
will not break through (Ryghaug 2000). 
 
According to Hubak, Norwegian energy efficiency policies have consisted of two kinds 
of thinking. The first is an economic perspective, where it has been assumed that through 
correct pricing market mechanisms will lead to the development of energy efficient 
solutions and their consequential employment by rational agents. The second perspective 
is technological, where the emphasis is on developing the right technology. Here it is 
assumed that the best technology will always be applied (Ryghaug 2000).  
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This means that the national energy efficiency policies have been macro policies aimed at 
the micro level. By getting the price right and developing quality technology, the rational 
agents at the micro level will make the correct choices. Strategies for influencing the 
meso level have been lacking in these policies. Architects and engineers have been taken 
for granted, with little analysis of their competence and interest (ibid). 
 
What we see here is that government policies have failed to consider how the innovation 
system in the construction sector works. It has been taken for granted that innovations 
will appear as a consequence of the actions of rational maximizing agents. 
 
The work that has been done to promote low-energy housing is interesting in this respect. 
The state housing bank has chosen a different strategy. According to Are Rødsjø, the 
strategy for promoting low energy housing has been to start with the producers, before 
continuing with the consumer side. The reasoning behind this strategic choice is that 
before it is possible to promote low energy housing heavily among the consumers, one 
needs to be certain there are producers capable of delivering. The worst thing that could 
happen for the introduction of low-energy houses in Norway is the construction of a 
number of malfunctioning houses. This could trigger a major setback for the market 
situation of low energy housing (Rødsjø 2005). 
 
This is a strategy that breaks with the traditional government strategy as Hubak presents 
it. It is also a strategy that breaks downplays the role of the rational agent, and upgrades 
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the role of interest and competence among the producers. It is a strategy that is better 
adjusted to the challenged faced in the sectoral innovation system.  
 
7. Conclusion 
 
Low-energy and passive houses seem to be on the verge of break-through in the 
Norwegian market. The analysis shows that producer knowledge and interest is growing, 
consumer interest seems to be latent, and government efforts are starting to produce 
results.  
 
There is an economic perspective to passive and low-energy houses. But, as the analysis 
shows this can only partly explain the current situation and previous difficulties with 
gaining acceptance for these kinds of houses. The aspects of knowledge and learning, as 
well as the change in the institutional make-up have to be remembered.  
 
Those working to promote low-energy and passive houses in Norway seem to have 
managed to break out of the traditional problems innovations meet in the construction 
sector. This has been done by breaking with traditional ways of running energy efficiency 
policies. Instead of focusing on the economically rational agent, focus has been turned to 
the knowledge and thinking of the producers, those that are the intermediaries between 
national policies and the individual choices. In an industry with many elements and little 
interaction between the different elements, understanding that the consumer is not able to 
function as the driving agent of change has been important. 
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The relative success of the promotion of low-energy houses comes as consequence of the 
successful work that has been done to join the forces of different elements in the 
innovation system. Government agencies, research institutes as well as business 
organizations have worked together to promote the houses. Only by joining forces have 
they been able to overcome the obstacles traditionally seen in this fragmented industry. 
 
There is, however, still a lot of work to be done. Certain elements of the innovation 
system are not yet involved in the development of low-energy and passive houses. The 
architects are one prominent example. The low-energy allies have to little extent managed 
to convince this important group of the importance of designing energy efficient houses. 
The consumers have little knowledge of the concepts, and lack an easily understandable 
quality control system. In the education of engineers and architects passive and low-
energy houses still need to be included in the curriculum. Even among the elements that 
are involved in low-energy and passive houses, there is a lot of ground to be broken. Few 
low-energy houses have been constructed yet, and no passive houses. The producers are 
interested, but need to be even more convinced of the technological feasibility and 
economical viability of the passive house. 
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Appendix A.  
 
List of interviewees. 
 
Tor Helge Dokka, SINTEF 
Steinar Eriksrud, Oslo School of Architecture and Design 
Wolfgang Feist, Passivhaus Institut 
Trond Flønes, Skanska Trondheim 
Svein Gloslie, Norwegian Homebuilders Associaton  
Kirsti Hind Fagerlund, NVE 
Trond Haavik, Segel 
Anne Gunnarshaug Lien, Enova 
Margrethe Maisey, NABU 
Per Monsen, NTNU: department of architecture 
Lars Myhre. Mesterhus, formerly the National Building Research Institute. 
Michael Klinski, The State Housing Bank, Oslo 
Are Rødsjø, The State Housing Bank, Trondheim 
Oddbjørn Sjøvold, Oslo University College 
Jan Vincent Thue,  NTNU: department of engineering 
 
 
List of banks surveyed. 
 
1. DNB Nor 
2. Nordea 
3. SpareBank 1 SR-Bank 
4. Fokus Bank 
5. SpareBank 1 Vest 
6. Handelsbanken 
7. SpareBank 1 Midt-Norge 
8. SpareBank 1 Nord-Norge 
9. Storebrand 
10. Sparebanken Hedmark 
 
 
      
Appendix B. Basic interview guide for the interviews of the key informants. 
 
1. Is it technically difficult to construct passive houses? 
2. How do you view the levels of knowledge and interest in the industry? 
3. How do you view the levels of knowledge and interest among architects and 
engineers? 
4. What is the current state of low-energy and passive housing in Norway? 
5. How do you explain the development over the last few years? 
 
